To analyze the expression profile of placental type alkaline phosphatase (PLAP), cancer antigen 125 (CA125), and human epididymis protein 4 (HE4) in serous ovarian cancer and to correlate their expression with the tumor aggressiveness and progression. METHODS: Retrospective study considering a tissue microarray of 82 women affected by ovarian serous cancer. Protein expression was assessed by immunohistochemistry on ovarian serous cancer tissue samples. Immunohistochemical staining was semiquantitatively evaluated as H-score. RESULTS: Median H-score values were lower for PLAP, 1 (IQR 0-4) than CA125, 10 (IQR 6-12) or HE4, 8 (IQR 5-12). Even if PLAP was less expressed in the cells of serous ovarian cancer than CA125 or HE4 it was relatively more expressed in the fourth quartile of its H-score distribution among cases with low CA125 or HE4 expression. Furthermore, PLAP and HE4 high expression resulted to be significantly correlated with a better prognosis. CONCLUSIONS: PLAP could be an additional marker for early detection of serous ovarian carcinoma, together with the established CA125 and HE4. In addition, PLAP expression is correlated with prognosis, giving, in this way, an additional tool for improving treatment approach.
Introduction
Ovarian carcinoma is still nowadays a lethal disease and its incidence has remained almost stable over the decades. This is due mostly to the delays in diagnosis because this type of cancer produces few local symptoms and presents late in most cases, with fewer than 25% of cases detected in stage I (International Federation of Gynecology and Obstetrics staging) [4, 11] . When ovarian cancer is diagnosed in stage I, up to 90% of patients can be cured [4] .
A lot of efforts in the past years were made to establish effective screening strategies to improve clinical outcome, and in this way survival rates have improved steadily, thanks to the advances in surgical management, development of effective cytotoxic drugs and the route of administration of chemotherapy [17] .
At the present moment, screening methods include transvaginal ultrasound, serum markers and the combination of both [20] . Among the serum markers, one of the most well characterized and used is cancer antigen 125 (CA125), that, if serially determined in blood samples can achieve a good specificity (up to 99.6%) [4] , but its sensitivity and specificity are limited by the facts that many benign gynecological and medical conditions, as well as other malignancies can elevate CA125 levels and 20% of stage I ovarian can- cers express little or no CA125 [17] . Another interesting marker that emerged recently is human epididymis protein 4 (HE4) [17] that resulted to be over-expressed by epithelial ovarian cancer tumors and circulate in the serum of patients with this disease [7] . HE4 has the same sensitivity as CA125 for detecting malignancy, however it is expressed in a subset of ovarian cancers that do not express CA125, suggesting that could be better the combination of both markers [19] . Nevertheless, even in combination serum biomarkers have limited sensitivities and specificities, so these limitations have inspired the evaluation of novel tumor markers to improve the ability to predict malignancy in women with pelvic masses.
More than 20 years ago, there has been considerable interest in the study of placental-like alkaline phosphatase (PLAP) as a marker of epithelial ovarian cancer [8] . PLAP is normally produced by the syncytiotrophoblast of the placenta and it is normally undetectable in blood of healthy subjects [8] ; human PLAP was one of the first oncofetal antigens found to be ectopically expressed by tumor cells and this antigen is a useful marker expressed in several malignancies including choriocarcinoma, seminoma, and ovarian carcinoma [21] , but also in gastrointestinal tract tumors [10] . Many studies in the past evaluated the immunohistochemical expression or the presence in the serum of PLAP antigen in relation to tumor features, with different and discordant results; Kellen et al. found that, among the gynecological tumors, only in cancers of the ovaries, there was a positive correlation between this enzyme marker and the extent of the disease (tumor burden) [13] ; Stigbrand et al. reported that PLAP is positively correlated to tumor burden and the outcome of the disease [24] ; Tholander et al. showed that PLAP levels were significantly influenced by histological type of tumor and by grade of differentiation but not by clinical stage [25] .
In this study, PLAP, CA125, and HE4 were evaluated by immunohistochemistry on 82 patients with a diagnosis of serous ovarian carcinoma. We also correlate the expression of PLAP, CA125, and HE4 in the neoplastic cell with the survival of the patients to offer a new potential prognostic marker.
Materials and methods

Patients and specimens
The majority of the present cases were used for a previous study about high grade serous ovarian cancer [14] . As previously described, from the registry of the Pathology Department of the University Hospital of Udine, a total of 105 patients who had a pathological diagnosis of ovarian serous carcinoma between January 2003 and July 2008 were identified. We included only primary interventions with a diagnosis of ovarian serous carcinoma and we excluded all patients who performed chemotherapy before surgery. Therefore, a total of 82 patients were included in this study. The excluded cases were 20 patients with intraperitoneal recurrences and 3 patients who performed neoadjuvant therapy after laparoscopic staging but before primary surgery. All these cases were staged according to the International Federation of Gynecology and Obstetrics (FIGO) staging system [11] (Stages I, II, III, IV) and to the TNM classification of malignant tumors for ovarian cancer [9] ; the histopathological grading of these cases was evaluated using Malpica System [15] (low-and high-grade). Other information such as clinical history and management for each patient were gathered using clinical files. Data included age at intervention, date and radicality of intervention, contingent assumption of any hormonal or non-hormonal therapy, parity, gravidity, last menses before intervention, familial history of cancer (ovary or breast), and clinical follow up until January 2011. In archived clinical records, follow up consisted of data collected during medical examination (unexplained weight loss, presence of ascites), diagnostic imaging (ultrasound, CT, or PET-FDG/CT), blood tests (increase of serum CA125), and second-look surgery. We recorded in detail also first line chemotherapy and during the study period patients were treated with either single agent chemotherapy (carboplatin) or platinum-based combination chemotherapy (carboplatin and paclitaxel). Patients with FIGO stage IA or IB with low grade were not treated with adjuvant chemotherapy (NCCN guidelines, last access May 2012). Platinum resistance was defined as disease progression during first line chemotherapy or relapse within 6 months after treatment [2, 14] .
Preparation of tissue microarray slides
Tissue microarray (TMA) technique is able to simultaneously analyze multiple formalin fixed paraffinembedded tissues. Haematoxylin-Eosin (H and E) stained sections were carefully examined to select representative regions from each selected donor block.
TMAs were made using a Beecher tissue micro-arrayer and a cylindrical, thin-walled needle (inner diameter of 1.5 mm) was used for coring tissues and for transferring cored samples into array cavities in the recipient block. A total of 82 blocks were available and for each block we performed two core biopsies, representative of the primary carcinoma (which involved one or both ovaries) and the metastasis, where specimen was available. From the recipient block, we obtained 4-µm-thick transverse sections.
For antigen retrieval and deparaffinization, slides were heated for 20 minutes at 98
• C in Target Retrieval Solution according to manufacturer's instructions (Dako K8005, Glostrup, DK) with PT-link (Dako). Then the slides were incubated at room temperature in H2O2 for 10 minutes to block endogenous peroxidase activity. The sections were rinsed in PBS and then incubated in a wet chamber at room temperature for 1 hour with the following primary antibodies: monoclonal PLAP (PLAP mouse DAKO M7191, diluted 1:200), CA125 (CA125 mouse DAKO M3520, diluted 1:20), and HE4 (HE4 -rabbit ABCAM ab24480, diluted 1:150). A Dako REAL TM EnVision TM Dako Rabbit/Mouse (Dako, K5007, Glostrup, DK) was used as second antibody. HRP activity was detected using Dako REAL TM DAB + Chromogen (Dako, K5007, Glostrup, DK) as substrate for 3 min in accordance with the manufacturer's instructions. Sections were counterstained with hematoxylin with cover slip. Each marker was optimized using as positive controls various normal tissue samples and sections from serous ovarian cancer. In addition, sections incubated with non-immune rabbit serum instead of primary antibody were used as negative controls.
Semiquantitative analysis of the immunohistochemical staining was performed independently by two pathologists and the staining was semiquantitatively evaluated as H-score (product of actual percentage of positive-stained cells and intensity score-evaluated as strong 3, moderate 2 and weak 1-giving a possible range of 0-300). The intraclass correlation coefficient (ICC) agreement between the two independent pathologists was respectively in case of PLAP, CA125, and HE4 0.97 (95% C.I. 0.94-0.98), 0.98 (95% C.I. 0.97-0.99), and 0.97 (95% C.I. 0.95-0.98). In addition, in case of discrepancies the two pathologists together reviewed the specimen and gave a final shared score. In case of disagreement they reviewed the case with a third pathologist. 
Statistical analysis
Data were analyzed using R (version 3.1.0) and p < 0.05 was considered significant. For all proteins analyzed the staining was investigated in terms of percentage of positive cells and H-score. Normality of variables was tested with the Kolmogorov-Smirnov test. Concordance of the two pathologists was evaluated by intraclass correlation coefficient (ICC) analysis. Nonparametric data were presented with the median value and the interquartile range (IQR), whereas parametric data were described with the mean value and its standard deviation. The Kruskal-Wallis test and the one way ANOVA for continuous variables were used for the variance analysis where appropriate. For comparison of multiple categorical variables the chi-square test was used. For bivariate analysis, the following statistical tests were applied: the Wilcoxon test, t-test, Spearman's rho, and Kendall's tau for continuous variables and the Chi-square and Fisher exact test for categorical variables. Overall survival was analyzed with KaplanMeier curves and log-rank test for comparisons was performed. In this survival analysis with Kaplan-Meier curves we divided our population in two groups one group expressing the studied proteins at a level higher than the third quartile value of the distribution and the other group in which the expression was lower. Furthermore, we performed Cox proportional hazards mono-and multivariate regression analysis. Predictive accuracy of Cox models was assessed by estimator of cumulative/dynamic area under the curve (AUC) proposed by Hung and Chiang [12] . 
Results
Mean age at diagnosis was 63.35 years (± 12.12) and 75.6% of women were in post-menopause. The majority of cancers were FIGO stage III-IV and Malpica's high grade (Table 1) . Median H-score values were lower for PLAP 1 (IQR 0-4) than CA125 10 (IQR 6-12) or HE4 8 (IQR 5-12) (Figs 1A-C, and Fig. 2A that shows H-score distributions). PLAP and CA125 present a localization to the cell membrane, and to the cytoplasm, while HE4 had a cytoplasmic localization. No significant differences in PLAP, HE4, or CA125 expression were observed between primary tumor and synchronous peritoneal metastases where present or between high and low Malpica's grade. Furthermore, two cases were non-expressing HE4 and PLAP but were expressing CA125. In addition, three cases were not expressing CA125 but were expressing HE4 and in one case also PLAP. We further analyzed the immunohistochemical co-expression of PLAP, CA125, and HE4 in ovarian serous cancer tissue considering the H-score value distribution of the three markers subdivided in quartiles. In Fig. 2B we considered as high marker expression the fourth quartile of the H-score distribution and we show that in 12.2% (10/82) of considered cases the PLAP is relatively high expressed while CA125 and HE4 are low expressed. In addition, we further focused on the first quartile of the distribution of HE4 and CA125 because this group is the less expressing the two considered markers. In our data we observed that in the cases with low tissue expression of CA125 or HE4, PLAP was expressing in the third or fourth quartile of its distribution (high expression) in the 43.8% of cases (7/16) of low levels of CA125 and in the 45% of cases (9/20) of low levels of HE4 (Figs 1D-I) .
No significant differences were observed in FIGO stage, Malpica's grading, treatment modalities, patients characteristics and platinum resistance between patients with high and low PLAP expression. We have only found significant lower expression of PLAP in patients with a familial history for cancer.
We analyzed also the influence of PLAP, CA125, and HE4 immunohistochemical expression on survival. In Fig. 3 we show low tissue expression of PLAP and HE4 to be associated to a significant decrease in overall survival (p < 0.05). In Table 2 considering the multivariate analysis only PLAP tissue expression resulted to be a significant factor influencing survival. This difference was still significant despite the correction in multivariate analysis for: age at intervention, FIGO stage, Malpica's grading, complete cytoreduction, and platinum resistance. Furthermore, considering the Cox model to predict overall survival with FIGO stage and Malpica's grading the summary measure of the time dependent AUC was 0.43, while considering in the model also the tissue expression of PLAP the AUC was 0.63 and the difference between the two models was statistically significant (p < 0.05).
In fact, the multivariate Cox model with FIGO stage, Malpica's grading, and tissue expression of PLAP was more predictive for survival than the model with only FIGO stage and Malpica's grading. In Fig. 4 the time dependent AUC values of the two models are shown.
Discussion
We found that even if PLAP have lower median H-score values in serous ovarian cancer than CA125 or HE4 was commonly expressed in the fourth quartile of its H-score distribution among cases with low CA125 or HE4 expression. Furthermore, its high expression resulted to be significantly correlated with a better prognosis.
Numerous investigators in the past have studied many possible markers in the diagnostic pathway of ovarian carcinoma, in order to facilitate earlier diagnosis and disease monitoring; some of them have been measured in the serum alone and in combination in early stage epithelial ovarian cancer: CA125, C19-9, CEA, PLAP [5] and more recently HE4. Since the publication of the initial report by Bast et al. [3] CA125 has become the accepted test with which other markers are compared; more recently HE4 [7] , another effective Table 2 Cox proportional hazards regression models (univariate and multivariate analysis §) in serous oavrian cancers. In this table are reported hazard ratio (HR), the relative 95% confidence interval and the p-value. In the multivariate analysis ( §) we performed a correction for the following factors: age at intervention, FIGO stage, Malpiga'a grading, complete cytoreduction, and platinum resistance marker, is recommended in combination with CA125 for early diagnosis, monitoring disease status and the efficacy of treatment [17] . Only few studies were done examining the expression of ovarian carcinoma antigens, by immunohistochemistry assays, directly on the neoplastic tissue and this is the first report to analyze the co-expression of PLAP with HE4 and CA125. In the past PLAP was considered a promising marker for epithelial ovarian cancer screening [8] . But its accuracy was limited because PLAP blood levels are strongly influenced by tobacco smoke [26] . Our data suggested a possible role of this marker in modern algorithms proposed for ovarian cancer screening in association with HE4 and CA125 to possibly improve screening accuracy [28] . In fact, in tumors with low expression of HE4 and CA125 we observed an increased expression of PLAP which may reflect increased blood levels of PLAP when HE4 and CA125 may not be significant for the screening algorithm. For these reasons it is important to plan studies that test in the same algorithm the blood levels of all these three proteins.
In previous studies, the presence of PLAP was mainly evaluated in the serum of the patients and correlated to histological type of tumor, grade of differentiation, clinical stage and outcome of the disease [13, 24, 25] . Not many studies have examined PLAP expression directly in the tissue [10, 16, 18, 23] and described different distribution of PLAP expression in serous and mucinous tumors, with diffuse cytoplasmic staining in the more malignant tumors and more frequent negativity in dedifferentiated ones, suggesting that it's possible that tumor cells express PLAP only at certain stages in the cell cycle; in this study they also reported a discrepancy between tumor tissue and circulating PLAP levels, maybe because cell membrane damage or cell death may be required before significant PLAP is released to the circulation. Stendhal et al. [23] described the expression of PLAP in 51% of the ovarian epithelial tumors examined, with similar incidence in the four major groups of the adenocarcinomas, i.e., serous, mucinous, endometrioid and mesonephric tumours.
We observed that there was a highly positive correlation between low tissue expression of PLAP or HE4 and short survival, with a follow up of minimum 29 months. Our data confirmed previous studies that found PLAP and HE4 to correlate with cancer prognosis [22, 24] . In addition, PLAP expression didn't show any correlation with Malpica's grade and clinical stage, results that are discordant compared to previous studies [13, 24, 25] . This observation of an inverse correlation between neoplastic cell antigen expression and survival is very interesting and point out some important tools for a different approach to the disease. It may be useful for the future to start to evaluate PLAP and other markers (eg. human apurinic endonuclease/redox factor 1-NPM1) immunohistochemical expression directly on the specimen at the time of diagnosis, to have a novel important additional pathological information about prognosis, other than the traditional indicators of prognosis i.e. grade of differentiation and clinical stage [6, 14] . This can also potentially help in individualizing treatment for patients. For example in early stage disease (stage Ia/b), where the patients already have better prognosis, adjuvant chemotherapy may be confined only to the cases with adverse prognostic features [27] ; therefore in this context as prognostic factor it would be useful in deciding which patients should receive chemotherapy in order to minimize an otherwise not justified toxicity. Moreover, this finding, as prognostic factor, can help identify subgroups of patients with especially poor prognosis and give us the advise to try to develop alternative treatment strategies for these patients [1] .
The main strength of this study is the analysis of the co-expression in the same tissue samples of CA125, HE4, and PLAP. The second strength of this study is the correlation between low PLAP or HE4 H-scores and shortened survival periods. These data presented herein could influence the clinical management (new screening algorithms, prognosis determination) and planning of future therapies. Other strengths of our study are a relatively long follow up period, and the statistical power gained by analyzing a large number of cases. As previously described this TMA model was retrospectively designed [14] . This limited us in accurately assessing disease free survival and adju-vant treatment effectiveness that accounted for tumor chemoresistance emergence [14] . The absence of information about tobacco smoke habits in the retrospective files and the variable expression level of PLAP were limitations of the present study. Finally, other limitations of the present study are the lack of blood samples, to test the presence of the markers, and analysis of tissue from the only serous carcinomas of the ovary that although the majority are not the only malignant disease of the ovary.
Conclusion
Serous ovarian carcinoma is the leading cause of cancer death among gynecological malignancies. Despite the efforts done for the early diagnosis and the radical treatment, these goals are far to be achieved. In this setting we tried to examine a new possible marker, PLAP.
In this study we observed many different aspects in which PLAP detection could be useful in this disease. First of all, PLAP can be an additional marker for early detection of serous ovarian carcinoma, together with the established CA125 and HE4.
Secondary, PLAP expression is correlated with prognosis, giving, in this way, an additional tool for the categorization of the patients affected from ovarian serous carcinoma. Moreover, this information lead us to suppose that PLAP can be useful to address a more correct treatment approach, more aggressive in patients with low expression of PLAP and with poor prognosis.
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